OBJECTIVES: To evaluate the relationship between mild anemia and executive function in community-dwelling older women. DESIGN: Cross-sectional. SETTING: Community-based. PARTICIPANTS: High-functioning subjects participating in the baseline assessment of the Women's Health and Aging Study (WHAS) II, Baltimore, Maryland, 1994 to 1996. WHAS II eligibility criteria included aged 70 to 80, a MiniMental State Examination score of 24 or greater, and absence of advanced disability (difficulty in no more than 1 domain of physical function). Included in this study were 364 subjects with a hemoglobin concentration 10 g/dL or greater and known executive function status. MEASUREMENTS: Trail Making Test (TMT) Parts B and A. Tertiles of time to complete each test were used to define best (bottom), intermediate, and worst (top) performance. Tertiles of the difference TMT-B minus TMT-A were calculated. Anemia defined as hemoglobin concentration less than 12 g/dL. RESULTS: The percentage of subjects in the worst TMT-B, TMT-A, and TMT-B minus TMT-A performance tertile was highest for those with anemia. Prevalent anemia substantially increased the likelihood of performing worst (as opposed to best) on the TMT-B (odds ratio (OR) 5 5.2, 95% confidence interval (CI) 5 1.3-20.5), TMT-A (OR 5 4.8, 95% CI 5 1.5-15.6), and TMT-B minus TMT-A (OR 5 4.2, 95% CI 5 1.0-17.2), even after controlling for age, education, race, prevalent diseases, and relevant physiological and functional parameters. CONCLUSION: This study provides preliminary evidence in support of the hypothesis that mild anemia might be an independent risk factor for executive function impairment in community-dwelling older adults. Whether such an association is causal or noncausal remains to be determined. Executive function reflects a set of higher-order cognitive abilities involved with the planning, initiation, sequencing, and monitoring of goal-directed activities, as well as problem solving in response to environmental feedback; thus, it is plausible that executive function impairment causally contributes to decline in physical function in older adults. A recent study of high-functioning communitydwelling older women showed that impairment in executive function but not in three other cognitive subdomainsF verbal memory, spatial learning, and general memoryFwas associated with early IADL decline.
xecutive function impairment occurs commonly in older adults 1 and is a risk factor for major adverse functional outcomes in community-dwelling older adults, including disability performing instrumental activities of daily living (IADLs), 2, 3 diminished performance in objective performance-based tests of IADLs 4 and mobility function, 5 and decreased driving competence. 6 Executive function reflects a set of higher-order cognitive abilities involved with the planning, initiation, sequencing, and monitoring of goal-directed activities, as well as problem solving in response to environmental feedback; thus, it is plausible that executive function impairment causally contributes to decline in physical function in older adults. A recent study of high-functioning communitydwelling older women showed that impairment in executive function but not in three other cognitive subdomainsF verbal memory, spatial learning, and general memoryFwas associated with early IADL decline. 4 Current literature suggests that executive function impairment might occur early in the disablement process experienced by older adults and might be important in causally mediating the onset and progression of functional decline. Thus, the identification of potentially modifiable risk factors for executive function impairment in relatively healthy communitydwelling older adults could ultimately contribute to the development of novel preventive opportunities aimed at the maintenance of autonomy in older ages.
Recent studies have suggested that greater aerobic fitness produced by aerobic exercise may be protective against executive function impairment in older adults. 7, 8 Anemia, a common 9 and potentially modifiable physiological impairment in older adults, may adversely affect physical conditioning and aerobic fitness. 10 Thus, it is possible that anemia could negatively affect executive function in community-dwelling older adults. To the authors' knowledge, this hypothesis has not been assessed.
The objective of this study was to investigate, in a population-based sample of nondemented communitydwelling older women without advanced physical disability, the a priori hypothesis that mild anemia would be independently associated with executive function impairment, as measured by performance on the Trail Making Tests 11 Part B (TMT-B) and Part A (TMT-A), and the difference between TMT-B and TMT-A (TMT-B À TMT-A).
METHODS

Study Population
The Women's Health and Aging Study (WHAS) II was designed to evaluate the epidemiology of disability onset in 436 high-functioning, community-dwelling women aged 70 to 80. 12 WHAS II eligibility criteria included a Mini-Mental State Examination (MMSE) 13 score of 24 or higher, and self-reported difficulty in no more than one domain of physical function. Baseline assessments were performed at the Johns Hopkins General Clinical Research Center, Baltimore, Maryland, from 1994 to 1996. The Johns Hopkins Medical Institutions institutional review board approved research protocols. Informed consent was obtained from all participants.
Measures of Executive Function
TMT-B performance was selected a priori as the primary outcome. TMT-B reflects mental flexibility and psychomotor processing speed and is a well-established and widely used indicator of executive function. In prior analysis of the WHAS II cohort, of all neuropsychological tests, performance on the TMT-B explained the greatest proportion of the variance in objective performance-based measures of IADL function. 4 A recent study consistently identified TMT-B as one of the two tests of executive function most strongly related to physical functioning in older adults, 14 along with the Wisconsin Card Sorting Test (not done in WHAS II). Additionally, in a pilot clinical trial in anemic patients, TMT-B performance was shown to be sensitive in detecting cognitive improvements that occurred in connection with an increment in hematocrit. 15 The administration of the TMT-B in WHAS II has been described elsewhere. 4 The time to complete the test was recorded; those who could not complete it because of obvious cognitive impairment (n 5 5) were assigned the maximum time allowed for test completion (600 seconds). Those who did not take test because of sensory impairment were excluded (n 5 3). Fifteen subjects had missing TMT-B because of reasons other than cognitive or sensory impairments. These subjects did not differ from those with a valid TMT-B measure in a meaningful or statistically significant way with regard to age, education, or MMSE. For these 15 subjects, TMT-B values were imputed as follows. For those with a MMSE score of 27 or greater (n 5 11), the median TMT-B score of WHAS II participants with a MMSE score of 27 or greater was imputed; for those with a MMSE score less than 27 (n 5 4), the median TMT-B score of WHAS II participants with a MMSE score less than 27 was imputed. TMT-B performance categories created based on tertiles were 93 seconds or less (best), greater than 93 but 132 seconds or less (intermediate), and greater than 132 seconds (worst).
For supporting validity, the relationship between hemoglobin concentration (Hb) and two other measures was assessed: one derived from performance on the TMT-A, the other calculated as the difference between TMT-B and TMT-A (TMT-B À TMT-A). TMT-A measures motor speed and visuospatial ability and is a less-demanding test of executive function than TMT-B. TMT-B À TMT-A has been increasingly used 5 as a theoretically ''purer'' measure of executive function measure than TMT-B in the sense that the confounding effects of motor agility on executive function assessment would ''less influence'' the former. 16 TMT-A and TMT-B À TMT-A categories were created based on tertiles, with the bottom and top tertiles representing, respectively, best and worst performance.
Hemoglobin Assessment
Hb was measured in blood samples collected using venipuncture in sterile vacuum tubes with ethylenediaminetetraacetic acid using the traditional cyanmethemoglobin method. Baseline Hb was available for 370 (84.9%) subjects. Given that the focus of this analysis was to study the effect of mild to moderate Hb reduction on executive function, as well as to minimize the effect of outliers on the results, subjects with Hb of less than 10 g/dL were excluded (n 5 3). Anemia was defined according to the World Health Organization (WHO) criterion (Hbo12.0 g/dL).
Additional Independent Variables
Data were available on age, race, education, living arrangement, smoking status, and drinking habit. History of hypertension and clinical stroke and adjudicated diagnoses of ''definite'' cardiovascular disease (CVD, i.e., angina pectoris, myocardial infarction, congestive heart failure, or peripheral vascular disease), diabetes mellitus, and prevalent cancer were ascertained. Additional comorbidity burden indicators included depressive symptoms, assessed using the 30-item Geriatric Depression Scale; 17 creatinine clearance (mL/min per 1.73 m 2 ) calculated according to the Cockcroft-Gault equation; 18 forced expiratory volume in the first second; thyroid stimulating hormone (TSH) levels (tertiles: 1.2, 1.2-2.1, !2.1 mIU/mL); total cholesterol levels (mg/dL), interleukin (IL)-6 ( !3.0 vs o3.0 pg/mL); body mass index (BMI, 21.0, 21.1-25.0, 25.1-30.0, 430 kg/m 2 ); self-perceived health status; self-reported difficulty with IADLs (shopping for personal items, preparing meals, using the telephone, managing own money, taking own medication); self-reported mobility difficulty (walking half a mile or climbing up 10 steps); and usual walking speed based on a 4-m course (m/s). Unless indicated here, variable units are indicated in Table 1 . Statistical Analysis This analysis did not include participants who had missing Hb (n 5 66), Hb less than 10.0 g/dL (n 5 3), or missing TMT-B (n 5 3); the final sample size was 364. Means and medians were compared across tertiles of TMT-B performance using nonparametric tests; for categorical variables, chi-square tests were used. Polytomous logistic regression was used to model the cross-sectional relationship between TMT-B tertiles and Hb, while adjusting for major confounders, such as demographics, diseases, and other relevant physiological and functional indicators of comorbidity burden. The best, rather than the worst, tertile was chosen as the reference group. This was done as an attempt to facilitate interpretation of results, which are thus expressed as the likelihood of being in the worst or the intermediate performance group, as opposed to in the best tertile, as a function of anemia.
The following covariates were entered into the fully adjusted model based on a priori decisions: age, race, education, MMSE, CVD, diabetes mellitus, hypertension, depression, calculated creatinine clearance, TSH, IL-6, walking speed, and mobility difficulty. Although adjustment for the last two variables could be considered overadjustment, it was decided to do so as an attempt to minimize the potential confounding effect of prevalent functional limitation and disability on executive function at baseline. Additionally, drinking habit, smoking status, BMI, forced expiratory volume in the first second, and total cholesterol were also considered as potential confounders. Each of these latter variables were entered one at a time in a model containing an indicator for anemia plus all the covariates that were selected a priori for inclusion one at a time. If they did not reach statistical significance (likelihood ratio test, Po.05), they were removed. Using this approach, only smoking was additionally included in the final fully adjusted model. Stata 8.0 (Stata Corp., College Station, TX) was used for analysis.
RESULTS
Participants were predominantly white and highly educated and had a mean age of 73.9 AE 2.8 ( Table 1 ). The majority of participants had 12 or more years of formal education, lived alone, and had never smoked. More than 80% of participants had a MMSE score of 27 or greater. The vast majority of participants had Hb in the normal range according to the WHO criterion, with only 8.6% (n 5 30) with Hb less than 12.0 g/dL. Participants had good physical functioning, with more than half rating their health status as excellent or very good and less than 7% reporting difficulty performing IADLs.
Better TMT-B performance was positively associated with younger age, white race, more years of education, higher Hb, fewer depressive symptoms, better pulmonary function, better self-perceived health status, and faster 1-m usual walking speed (Table 1) . No statistically significant associations (P4.05) were found in bivariate analysis between TMT-B performance and the following variables: smoking status, hypertension, stroke, diabetes mellitus, cancer, calculated creatinine clearance, BMI, total cholesterol, TSH, IL-6, and drinking habit. Approximately 10% of WHAS II subjects were not included in this analysis because of missing TMT-B or Hb. Those not included were more likely to be African American and have less education than those in the analytic sample but did not vary according to the other characteristics presented in Table 1 . Figure 1 displays the observed relationship between Hb and TMT-B, TMT-B À TMT-A, and TMT-A scores. The percentage of subjects in the best TMT-B performance tertile was lowest for levels of Hb within the range of 10.0 to 11.9 g/dL, intermediate for Hb within the range of 12.0 to 12.9 g/dL, and highest for the categories including Hb concentrations of 13 g/dL or greater ( Figure 1A) . Conversely, having Hb within the range of 13.0 to 13.9 g/dL was associated with the lowest percentage of participants in the worst TMT-B performance group. The number of participants with Hb of 15.0 g/dL or greater was small (n 5 21). There was strong statistical evidence against the null hy- Table 2 shows the results of polytomous logistic regression models estimating the likelihood of being in the worst (top) rather than the best (bottom) or intermediate tertile of TMT-B, TMT-B À TMT-A, and TMT-A performance ''independently'' associated with presence of WHOdefined anemia. For example, the likelihood of being in the worst, as opposed to being in the best, TMT-B tertile was more than five times as high (odds ratio (OR) 5 5.2, 95% confidence interval (CI) 5 1.3-20.5) for subjects with anemia as for those without anemia after controlling for major potential confounders such as age, education, CVD, renal function, and other major indices of disease, disease severity, and physiological impairment. Similar analysis conducted after excluding the 15 subjects for whom TMT-B performance data were imputed led to analogous results (data not shown). Consistent results were obtained for the relationship between anemia and decline in TMT-B À TMT-A and TMT-A performance.
Additional polytomous logistic regression analysis was done to further quantify the increase in the percentage of subjects in the worst tertile of TMT-B across the first three Hb categories observed in Figure 1 . In this analysis, given the similar distribution of TMT-B performance across Hb levels of 13.0 to 13.9 g/dL, 14.0 to 14.9 g/dL, and 15.0 g/dL or more, these Hb categories were grouped together. Using this approach, the fully adjusted odds of being in the worst as opposed to in the best TMT-B tertile were 4.9 (95% CI 5 1.2-19.7) and 5.9 (95% CI 5 1.3-26.4) times as great for subjects with Hb levels of 12.0 to 12.9 g/dL and less than 12 g/dL, respectively, as for those with Hb of 13.0 g/dL or greater (data not shown).
DISCUSSION
This study reported a strong, independent association between mild anemia and a greater likelihood of having executive function impairment in nondemented community-dwelling older women without advanced physical disability. This novel contribution adds to the limited understanding about potentially modifiable physiological impairments linked to executive function impairment in older adults.
Data are scarce on the relationship between mild anemia and overall cognitive impairment and even scarcer in regard to executive function impairment in communitydwelling older adults. Two studies have reported an independent association between anemia and incident dementia. 19, 20 A cross-sectional association between anemia and MMSE score of less than 24 has also been described, 21 although that study did not adjust for major potential confounders. In clinical setting-based studies, associations between severely low Hb and cognitive impairment have also been reported, and moderate and severe anemia has been linked to cognitive impairment. For example, in cancer patients undergoing chemotherapy, anemia severity has been shown to be negatively correlated with MMSE scores, 22 and Hb increment associated with erythropoietin therapy has been associated with cognitive dysfunction attenuation during chemotherapy. 23 Analogously, in hemodialysis patients with severe anemia, increment in hematocrit after treatment with recombinant erythropoietin has been linked to short-term benefits in cognitive function measured in terms of performance on neuropsychological tests including the TMT-B 15 and electroencephalogram parameters, 24 although the mechanism explaining this association remains to be better understood. This study builds on the body of literature by contributing novel data on mild anemia and impairment in a specific cognitive function domain that is particularly relevant for physical functioning in community-dwelling older adults. Note: Major independent variable: anemia (hemoglobin concentrationo12 g/dL), which was compared with non-anemia (hemoglobin concentration !12 g/dL). Ã Adjusted for age, race, education, Mini-Mental Status Examination (MMSE) score ( !27 vso27), 13 prevalent cardiovascular disease (angina pectoris, myocardial infarction, congestive heart failure, peripheral vascular disease, or stroke), diabetes mellitus, hypertension, depression, Cockcroft-calculated creatinine clearance (continuous), usual gait speed, mobility difficulty, smoking status, interleukin-6, and thyroid-stimulating hormone (tertiles). If not listed here, covariate units were the same as listed in Table 1 . Additional variables that were considered but not included because of lack of statistical significance according to modeling approach defined a priori were drinking habit, body mass index, forced expiratory volume in 1 second, and total cholesterol.
Whether the relationship between mild anemia and executive function impairment in community-dwelling older adults reported here is causal or noncausal remains to be determined. A possible causal pathway could involve chronic reduction of cerebral oxygenation secondary to decreased oxygen-carrying capacity of the blood linked to anemia. The direct testing of such a hypothesis has remained a challenge, given the methodological difficulty associated with measuring potential changes in cerebral oxygenation as a function of mild Hb reductions in epidemiological studies. Another potential causal pathway could be through the negative effect of anemia on physical function 25, 26 and conditioning. 10 Experimental studies have shown that aerobic exercise training leading to greater aerobic fitness may result in selective improvement in executive control processes in healthy older 7 and younger 27 adults. It has been speculated that the beneficial effects of cardiorespiratory fitness on executive function could be modulated through an increase in brain-derived neurotrophin factor or a parasympathetic-related increase in efficiency of prefrontal neural function. 27 Alternatively, the possibility that anemia might be just a marker of diseases and processes associated with chronic cerebral hypoperfusion in the prefrontal cortex 28, 29 or neurodegenerative processes such as inflammation cannot be excluded. Anemia could also indirectly reflect the adverse effect of low testosterone levels on cognition, although the latter association remains controversial. Additionally, anemia could be a marker of vitamin B 12 deficiency, although vitamin B 12 deficiency (serum B 12 o200 pg/mL) 9 was present in only 23 participants in the current study and was not associated with executive function performance in bivariate or multivariate analysis.
This study has several limitations. First, because of the cross-sectional nature of this study, the risk of incident executive function impairment as a function of baseline anemia or change in Hb over time was not assessed. Second, a few caveats about the operational definition used for executive function impairment should be acknowledged. The definition was based on only a few measures of executive abilities. Also, there is currently no well-established clinical criterion to define executive function impairment in older adults. Thus, although the TMT-B cutoff used to define executive impairment in this study was consistent with thresholds corresponding to 2 standard deviations below the mean in older populations, 29, 30 it is possible that a significant fraction of older adults in the intermediate or even best groups may also have had some degree of impairment relative to young adults. Third, to minimize confounding, analysis controlled for a number of physical indicators, such as walking speed and mobility difficulty. Because impaired executive function might in fact be a mediator of the relationship between anemia and impaired physical function, this may be considered statistical overadjustment. Despite this, the possibility cannot be excluded that positive confounding from unmeasured disease-related factors, such as subclinical cerebrovascular disease, might still have affected the results. Fourth, this study's sample size was small, and the effect of the different types of anemia on executive function was not assessed. Fifth, because previous analysis in WHAS II has suggested that variability in tests of performance in cognitive subdomains other than executive function was somewhat limited at baseline, it was not possible to test whether anemia was associated with impaired performance in tests reflecting other domains of cognition or whether it was selective for executive function. Finally, only U.S. urban women aged 70 to 80 who were high functioning and highly educated were assessed; thus, the generalizability of these results to the older population at large may be limited.
In summary, a renewed interest on the topic of anemia and its adverse clinical effect in older adults has been recently observed, with a number of studies reporting associations between mild anemia and physical functionrelated outcomes 25, 26 and mortality 31 in community-dwelling older adults, although investigation of the relationship between anemia and cognition has lagged behind. Findings from this study support the hypothesis that mild anemia might be an independent risk factor for executive function impairment in community-dwelling older adults. If this association is causal, this could offer an opportunity for preventing executively mediated functional decline through correction of reversible anemia. If it is noncausal, information on this association could still be potentially useful for screening vis-à -vis the identification of those at risk for functional decline. Further investigation of the effect of Hb on executive function in older adults through prospective epidemiological and experimental studies is warranted.
